Fruit shape is one of the most important limiting factors in the quality of pear fruits. The effects of applied plant growth regulators on fruit shape have been determined in pear. The application of naphthalene acetic acid (NAA, 20 mg/L), indole-3-butyric acid (IBA, 30 mg/L), 6-benzalyamino acid (6-BA, 30 mg/L), cleaner production promotion unit (CPPU, 10 mg/L), gibberrelin (GA 4+7 , 3%) and gibberrelic acid (GA 3 , 2.7%) at the young fruit period enhanced fruit growth, improved final fruit size, and decreased the occurrence of deformed fruit. CPPU and 6-BA significantly enhanced the growth of horizontal diameter, while GA 3 and GA 4+7 stimulated fruit vertical diameter that tend to grow more apparently.
INTRODUCTION
Pear, belonging to the family Solanaceae, is the most popular garden vegetable and the second most important fruit in China in terms of planting area. Fruit quality includes fruit size, overall composition and taste, and proportion of edible tissue and these link between environmental control and quality traits (Ogundiwin et al., 2009; Faniadis et al., 2010) . Appearance quality has been widely used in the evaluation of fruit quality. The fruit shape, size and regularity are important quantitative trait closely related to the appearance quality (Guardiola et al., 1998 (Guardiola et al., , 1993 Bubán, 2000; Stover and Greene, 2005; Faniadis et al., 2010) . The excellent fruit shape, size and regularity of the pear cultivars are highly prized by consumers. Under optimal growth conditions, pear fruit is regular. However, in spring under cooler temperatures (particularly night-time temperatures) and in *Corresponding author. E-mail: 416751297@qq.com.
Abbreviations: NAA, Naphthalene acetic acid; IBA, indole-3-butyric acid; 6-BA, 6-benzalyamino acid; CPPU, cleaner production promotion unit; GA4+7, gibberrelin; GA3, gibberrelic acid.
shorter day lengths, a high percentage of the fruit become deformed. The severity of the problem varies from year to year.
Numerous deformed fruit are distinguished from normal fruit; this may cause great economic losses for peasant. However, deformed pear fruit has hardly been studied. The aim of the present study was to evaluate the effects of plant growth regulators applications and endogenous hormones on deformed pear fruit to clarify the relationship between shape and hormones in the fruit.
MATERIALS AND METHODS
The experiments were conducted in 2008 using pear trees growing fruit demonstration farm in Jianning County. NAA (20 mg/L), IBA (30 mg/L), 6-BA (30 mg/L), CPPU (10 mg/L), GA4+7 (3%), and GA3 (2.7%) were initially dissolved in alcohol (95%), and then further dissolved in distilled water, after which lanolin ointment was finally added. Growth regulators of this experiment were purchased from Sigma, USA. Eight 'Mixue Pear' trees were used; uniform crown and vigour were selected. Plant growth regulators were applied to top, mid section and bottom of pear fruits at young fruit period, respectively. Ripe pear fruit of vertical and horizontal diameter was Afr. J. Biotechnol. Different capital letters within a column indicate significant difference at 1% levels, respectively. NAA, Naphthalene acetic acid; IBA, indole-3-butyric acid; 6-BA, 6-benzalyamino acid; CPPU, cleaner production promotion unit; GA4+7, gibberrelin; GA3, gibberrelic acid.
measured. In the experiment, three replications of 10 fruits were used for each treatment and tested in a randomized block design. The control was untreated plant growth regulators. The deformed pear fruit ('Yuguan Pear', 'Hangqing Pear', 'Huangjin Pear', and 'Mixue Pear') were collected at harvest for analysis of endogenous hormone of pear. Endogenous hormone contents were determined by high performance liquid chromatography (HPLC) and measured according to Kelen et al. (2004) with some modifications. Statistical analysis of the experimental results was performed using DPS9.5 software.
RESULTS AND DISCUSSION
It is well known that plant growth regulators are used on many fruit tree to manipulate immature fruit drop, increase fruit set or fruit size, and loosen or remove fruits (Bubán, 2000; Stover and Greene, 2005; Boonkorkaew et al., 2008; De et al., 2009; Jong et al., 2011) . Plant growth regulators have strong effects on pear fruit development (Tables 1 to 3 ). There was a significant difference among fruit vertical and horizontal diameters of treated and untreated fruit. Treatment effects of fruit shape index was best in NAA (20 mg/L), followed by IBA (30 mg/L), GA 3 (2.7%), 6-BA (30 mg/L), GA (3%), and CPPU (10 mg/L). It was found that fruit shape index in different treatment position of pear fruit were ordered as follow: fruit top > fruit bottom > fruit mid section. The size order of integrated skew index of treated fruit was GA 4+7 > CPPU > GA 3 > 6-BA > NAA > IBA. The size order of integrated skew index of treated fruit position was fruit bottom > fruit mid section > fruit top. CPPU and 6-BA significantly enhanced the growth of horizontal diameter, while GA 3 and GA 4+7 apparently stimulated fruit vertical diameter that tend to grow more apparent. These results indicate that plant growth regulators were involved in the determination of fruit shape index, longitudinal diameter deflection index, horizontal radius of the deflection index and integrated skew index. These findings thus agree with those of Guardiola et al. (1998 Guardiola et al. ( , 1993 who showed that the effect of auxins on final fruit size was the balance Different capital letters within a column indicate significant difference at 1% levels, respectively. NAA, Naphthalene acetic acid; IBA, indole-3-butyric acid; 6-BA, 6-benzalyamino acid; CPPU, cleaner production promotion unit; GA4+7, gibberrelin; GA3, gibberrelic acid. -Otmani et al. (1993) who showed that the use of the butyl glycol ester of 2,4-dichlorophenoxy propionic acid (2,4-DP) on the mandarin cultivar 'Fortune' immediately after the 'June drop' enhanced fruit growth and improved final fruit size. Furthermore, De et al. (2009) and Jong et al. (1993) found that hormones also regulated fruit set and development.
